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SUMMARY

Factors which influence somatic cell
counts in bovine milk are reviewed and
guidelines for their interpretation are
presented. It is suggested that the thres-
holds of 300 000 and 250 000 cells/mL
be used to identify infected quarters
and cows respectively. However, it is
stressed that somatic cell counts are
general indicators of udder health
which are subject to the influence of
many factors. Therefore the evalua-
tion of several successive counts is
preferable to the interpretation of an
individual count.

Relationships between somatic cell
counts and both milk production and
milk composition are discussed. Sub-
clinical mastitis reduces milk quality
and decreases yield although the rela-
tionship between production loss and
somatic cell count requires clarifica-
tion. Finally the availability of somatic
cell counting programs in Canada is
presented.

R ESU M E
La numeration des cellules somatiques
dans le lait des vaches
Cet article presente les facteurs qui
influencent la numeration des cellules
somatiques dans le lait des vaches,
ainsi que les directives propres a son
interpretation. On suggere d'utiliser
un seuil respectif de 300 000 et 250 000
cellules/mL pour identifier les quarti-
ers et les vaches infectes. On insiste
cependant sur le fait que la numeration
des cellules somatiques represente un
indice general de l'etat de sante du pis
et qu'elle subit l'influence de plusieurs
facteurs. L'evaluation de plusieurs
numerations successives est par con-
sequent preferable a l'interpretation
d'une seule.

Les auteurs commentent les rap-
ports qui existent entre la numeration

des cellules somatiques et la produc-
tion, ainsi que la composition du lait.
La mammite asymptomatique altere la
qualite du lait et en diminue la
secretion, bien que la relation entre la
baisse de production et la numeration
des cellules somatiques demande une
clarification. Ils terminent en signalant
la disponibilite de programmes cana-
diens de numeration de cellules
somatiques.

I N T R O D U C T I O N

Mastitis continues to be one of the
most costly diseases of the dairy indus-
try. In a recent (1976) survey the
annual loss attributed to bovine masti-
tis in the U.S.A. was estimated to be
U. S. $1.3x 109 (5). Approximately 69%
of this loss (U.S. $81.32/cow) was
attributed to reduced milk production
resulting from subclinical mastitis,
18% (U.S. $20.99/cow) due to the
treatment of clinical cases, and the
remaining 13% (U.S. $15.04) due to
losses incurred in replacing cattle.
One of the techniques used to moni-

tor the level or occurrence of subclini-
cal mastitis in herds or individual cows
or quarters is to determine the somatic
cell count (SCC) of milk samples.
Indirect methods for doing this, such
as the California Mastitis Test (CMT)
and Wisconsin Mastitis Test (WMT)
have been available for some time, as
has the dirct microscopic somatic cell
counting procedure. More recently,
automated devices for rapidly deter-
mining the SCC of milk samples have
become available. The two most
commonly used are the Coulter Milk
Cell Counter,' which counts particles
as they flow through an electric field,
and the Fossomatic,2 which stains cells
with a fluorescent dye and then counts
the number of fluorescing particles.
Both devices are capable of rapid

inexpensive determination of the SCC
in large numbers of samples. Details of
the procedures used by each have been
presented elsewhere (29) and will not
be discussed further in this paper.
The latter technological advances

have given rise to programs for the
routine screening of quarter, cow
(composite) and herd (bulk tank) milk
samples. The purpose of this paper is
to outline factors which may affect the
SCC and to present some guidelines
for their interpretation.

FACTORS AFFECTING SOMATIC
CELL COUNTS
The ability to correctly interpret
somatic cell counts depends on an
understanding of the factors which
may affect them. These factors may
exert their influence at the quarter,
cow or herd level.

Infection Status
The most important factor affecting

the somatic cell count of the milk from
an individual quarter, and conse-
quently the cow and the herd, is the
infection status of the quarter. In
comparison, other factors have only a
minor effect (55). Organisms coloniz-
ing the mammary gland may be divid-
ed into one group, referred to either as
minor pathogens or commensals (e.g.
Corynebacterium bovis or coagulase
negative staphylococci) and a second
group containing the major pathogens
(streptococci spp., Staphylococcus
aureus and coliforms being the most
common). The somatic cell counts of
milk from uninfected quarters have
averaged 260 000 cells/mL in quarters
with no previous history of mastitis
and 600 000 cells/mL in quarters with
a previous history of infection, with a
resultant overall average for unin-
fected quarters of 314 000 cells/mL

'Coulter Electronics Ltd., Hialeah, Florida.
2Fossomatic, Foss Electric, Hillerod, Denmark.
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(62). Cell counts in composite samples
taken from cows with all four quarters
free of infection have been reported to
average from 113 000 to 251 000
cells/mL depending on the cow's age
(18). Other authors (16,40,55) have
reported averages of 170 000 and
214 000 (arithmetic averages) and
106 000 cells/mL (geometric mean).
Cows harboring commensals have
been reported to have somatic cell
counts in composite samples that
average from 190 000 to 519 000
cells/mL, depending on the cow's age
(18), and an average of 227 000
cells/mL has been reported when all
age groups were considered (55). Cows
harboring major pathogens produce,
on average, cell counts over 600 000
cells/mL (18,41,55,62) although a
geometric mean of 492 000 cells/mL
has been noted (16). Some variation in
the cellular response elicited by vari-
ous major pathogens has been demon-
strated (55,62) but it does not appear
possible to differentiate amongst the
major mastitis pathogens on the basis
of somatic cell count alone.

Number of Quarters Infected
The concentration of somatic cells

in a composite (cow) milk sample is a
function ofthe individual counts of the
four quarters and their respective milk
production. This fact becomes of
major importance when the objective
of a mastitis detection program, based
on composite samples, is to detect and
classify as infected, cows which have
subclinical infection in one (or more)
quarters. An approximate doubling of
the SCC has been reported with each
additional quarter that was infected
(41). Using a total and differential
SCC, the ability to correctly classify
cows as infected or uninfected has
risen from 77.9% to 92.7% as the
number of quarters infected rose from
one to four (37). Therefore, the dilu-
tion of high cell count milk from
infected quarters with low cell count
milk from uninfected quarters is an
important consideration in the inter-
pretation of composite sample cell
counts.

Age
Many authors (3,4,13,21,55,60)

have reported an increase in the cellu-
lar content of cows milk with increas-
ing age. This increase is primarily due

to an increased prevalence of infection
in older cows and is not due to any
large increase due to ageperse (36,5 1).
Examining only mastitis free cows
some have found no increase with age
(17), while others (18,41,61) have
reported a slight increase. The latter
reported increase may be due to a
higher prevalence of permanent glan-
dular damage from resolved infections
in older cows.

It has been found however, that
older cows have a greater cellular
response to both minor and major
pathogens (18,36). This latter finding
has been attributed to a number of
things, including more quarters being
infected, more extensive tissue damage
in long standing infections, and a
greater cellular response in quarters
that have been previously infected
(18,62).

Stage of Lactation
Somatic cell counts have been found

to be elevated immediately after calv-
ing, regardless of whether the cow is
infected or not. The elevation in count
has been variously reported to last for
five days (5 1) to two weeks (12,41) and
consequently elevated cell counts dur-
ing the first two weeks of lactation
must be interpreted with caution.
Throughout the remainder of the lac-
tation, somatic cell counts have been
reported to increase as the lactation
progresses (3,4,55). However, as with
the effect of age, this is not primarily a
physiological phenomenon but instead
results from an increasing prevalence
of subclinical infections with time
(51,65). In studies where observations
are restricted to uninfected cows, it
was found that no rise in SCC
throughout lactation occurred (18,41),
nor that daily milk yield affected the
somatic cell count (17). Whether or
not there is a rise in the SCC of milk
from uninfected cows immediately
before drying off is debated. Some
have not found a rise at drying off (17),
while others have, although only after
milk production had dropped below
4 kg/day (6). It would seem that if
there is a rise at the end of lactation it
only occurs immediately before drying
off.

Season
In general, somatic cell counts are

lowest during the winter and highest

during the summer with peak levels
usually being reported in July and
August (elevated counts have been
reported from April through to
October) (6,7,35,36,42,43,64). The
elevated counts of summer are
reported to persist after the tempera-
ture humidity index starts to decline
and this phenomenon has been called
the "summer carry over" effect (64).
The increase during the summer does
not appear to be entirely due to ele-
vated temperatures because attempts
to reproduce the effect by putting cows
in environmentally controlled cham-
bers and increasing the temperature
have not reproduced the same effect
(47,53,64). During the summer in
Scandinavia, cows on pasture (cooler
temperatures) have had higher cell
counts than cows confined to the barn
(warmer temperatures), and the
increase in cows on pasture was pri-
marily seen in noninfected quarters
(56).

Stress
Cows maintained in groups in loose

housing may produce higher somatic
cell counts when the groups are mixed.
Mixing groups has increased the bulk
tank SCC from approximately
175 000 to a peak of 420 000 cells/mL
four days after mixing (31). However,
no difference was found in weekly
quarter somatic cell counts following
the mixing of groups (2). It has been
reported that there is no increase in
SCC associated with cows being in
estrus (25).

Attempts to artificially increase
somatic cell counts by injecting cows
with either corticosteroids or adreno-
corticotropic hormone have met with
mixed results. Some authors (63,64)
report increases in the SCC while
others (10,46) have found no change.
Stress induced by isolating individual
cows in a paddock and/or chasing
them with a dog has increased the SCC
with the greatest increases being found
in cows with a previous history of mas-
titis (66).

Diurnal Variation
Although somatic cells can be

detected in milk samples from all quar-
ters of all cows, there is variation in the
level produced throughout the day and
from one day to the next. Diurnal fluc-
tuation of the SCC has been reported
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by many authors (1 1,14,17,57,59,67).
Cell counts are reported to be highest
in the strippings or immediately after
milking with these levels persisting for
up to four hours before gradually de-
clining to their lowest level which
occurs immediately before the follow-
ing milking (1 1,57,67). The magnitude
of the increase from the lowest to the
highest level has been reported to be as
much as 70 fold (67). However, the
correlation between cell counts in a
foremilk sample and a total represent-
ative sample has been reported to be
high (r = 0.86) (51). Therefore either of
these types of samples are acceptable
for routine use (11,51). This diurnal
fluctuation has important consequen-
ces for anyone collecting milk samples
at any time other than immediately
before or throughout a normal
milking.

Cell counts have also been reported
to be higher in samples collected at the
evening in comparison to the morning
milking (14,17,59). This difference has
been reported to be as high as 20%
(59), but it presumably is a function of
the time interval between the two
milkings.

Day to Day Variation
Day to day variation in cell counts

has been investigated in quarter, cow
(composite) and herd (bulk tank)
sanfples. Fluctuations in individual
quarter samples from uninfected cows
have run in parallel, suggesting physio-
logical factors acting at the cow level
(12). The average coefficient of varia-
tion in composite samples taken
repeatedly over a short period of time
has been found to be approximately
30-35% (11,59) whereas, over a whole
lactation, the coefficient of variation
has ranged from 59 to 301% (17). The
latter authors have suggested that the
periodic large increases in cell count
that they detected in the absence of
mammary pathogens may in fact have
been due to infection with pathogens
which were eliminated before they
were isolated, or alternatively may
have been due to stress or trauma.
These data suggest that it is advan-
tageous to sample cows or quarters
several times throughout a lactation
and sample at least five times during a
lactation has been recommended (9).
The coefficient of variation in daily

bulk tank counts has been reported

variously to be 24% (65) and 23% (9).
For individual herds the coefficient of
variation in monthly bulk tank counts
has been reported to range from 4 to
46% (21).

Technical Aspects
It has been shown that the method

of transportation and storage of milk
samples, as well as the method used to
count the somatic cells, all have an
influence on the resultant counts.
These factors have been reviewed
extensively elsewhere (24,28,44,45,58)
and hence will not be discussed here
except to stress the importance of con-
sistency in the techniques used to
handle and process samples in any
somatic cell counting program.

Management
Mastitis control procedures prima-

rily exert their influence on somatic
cell counts at the herd level by influ-
encing the quarter infection rate (40).
In this regard, a number of studies
have investigated associations between
various control procedures and
somatic cell counts in herds. The regu-
lar use ofteat dip has consistently been
associated with lower somatic cell
counts (6,22,26,38,39,50,55). The
extent of the effect of dry cow therapy
on SCC appears to depend on how it is
used. In one study lower bulk tank cell
levels were associated with complete
or "blanket" dry cow therapy in com-
parison to selective therapy (38), while
in others (6,55) selective dry cow ther-
apy was associated with lower SCC
levels than complete therapy. The
highest SCC were found in farms
which did not use teat dip but which
used complete dry cow therapy, and
the lowest SCC in farms which used
teat dip in conjunction with dry cow
therapy (6). Dry cow therapy has
reduced cell levels at the start of the
subsequent lactation but teat dipping
(or spraying) was required to maintain
the advantage (27). The lowest cell
counts have been reported to be in
herds which adopted a full control
program of teat dipping, blanket dry
cow therapy and annual milking
machine maintenance (8). It would
appear that dry cow therapy is of most
benefit when used in conjunction with
other control procedures, particularly
teat dipping. The use of individual
towels has been associated with lower-

TABLE I
RELATIONSHIP BETWEEN SOMATIC CELL

COUNTS
AND CMT REACTIONS

CMT SCC/mL
- 00- 200 000
Trace 150 000 - 400 000
1 300 000 - I 000 000
2 700 000 - 2 000 000
3 > 2 000 000

ing cell levels (22,55) as has the design
of the milking systems with the highest
counts being reported in pipeline sys-
tems and the lowest in parlors (6,55).

INTERPRETATION OF SOMATIC
CELL COUNTS

Somatic cell counts can cover a wide
range ofvalues. Counts as low as 7 000
cells/mL have been reported (61) and
there is no theoretical maximum.
However, when cell counts exceed
10 X 106 cells/mL the infection is likely
to show clinical signs. Table I presents
the approximate relationship between
the CMT and the somatic cell count.

Interpretation ofa SCC will depend
on whether it is from a quarter, cow or
bulk tank sample and as well involves
consideration of several other aspects.
First, if the cell counts are to be used to
classify a unit (quarter, or cow) as posi-
tive or negative for mastitis, then no
matter what threshold is chosen to
divide the negative from the positive
units there will always be some units
incorrectly classified. With composite
samples, for example, at any chosen
threshold it is almost certain that some
infected cows will have cell counts
lower than the threshold, and will
therefore be incorrectly classified as
negative (or uninfected). Conversely,
some uninfected cows will exceed the
theshold and will therefore be incor-
rectly classifed as positive (or
infected). The objective of interpreta-
tion is to minimize the rate of misclassi-
fication. Second, cell counts are
merely a reflection of udder damage
due to a variety of possible causes and
as such they indicate more about the
state of health ofthe udder than simply
whether or not a pathogen is present.
Finally, it should be stressed that the
evaluation of herd averages and trends
may be ofmore benefit than the evalua-
tion of an individual quarter, cow or
bulk tank count.



Quarter Samples
Both 400 000 and 500 000 cells/mL

have been evaluated as possible thresh-
olds, for classifying a quarter as being
infected but both resulted in a high
false negative rate (i.e. too many cases
of subclinical mastitis were missed)
(52). It has been recommended that the
threshold be set at 300 000 cells/mL
(34). Secretory disturbances, including
declining milk yield, have been
reported to start once cell counts
exceed 100-150 000 cells/ mL, and the
probability of isolating a major patho-
gen is increased with counts above
200 000 cells/mL (51). On the other
hand, cell counts averaging 600 000
cells/mL have been seen in cows which
were currently uninfected but that had
a previous history of mastitis (62).
Until further work is reported, the use
of a threshold of 300 000 cells/mL
appears to be most reasonable for
dividing quarters into uninfected and
infected (with a major pathogen)
categories.

Cow (Composite) Samples
When interpreting cell counts from

composite samples it is important to
consider the dilution effect that milk
from normal quarters has on elevated
counts from infected quarters. In gen-
eral, negative cows had somatic cell
counts less than 100 000 cells/mL
while cows infected with minor patho-
gens (commensals) generally fell in the
100-300 000 cells/mL range (18). Pro-
duction starts to decline once cell
counts have risen above 100 000
cells/mL. It has been suggested that an
appropriate threshold is 228 000
cells/mL and at that threshold it is
possible to classify 85.8% of cows cor-
rectly (16). This success rate in classifi-
cation compares favorably with an
earlier work where both total and dif-
ferential cell counts were used to cor-
rectly classify 79.4% of all cows (37). It
has been suggested that cell counts
under 500 000 cells/mL are normal
(55), but in view of other work this
value seems high. If the aim of a cell
counting program is to detect cows
which may only have subclinical mas-
titis in one quarter, then the use of a
threshold, to divide uninfected cows
from infected cows, of approximately
250 000 cells/mL appears reasonable.

If the average cell count for all cows
in a herd is to be calculated then it has

been suggested that a logarithmic
transformation of the counts be made
before averaging (14,59). This is equiv-
alent to calculating a geometric mean
and it has the desirable effect of pre-
venting a few cows with exceptionally
high counts from having an unduly
large effect on the herd average. The
logarithmic transformation ofsomatic
cell counts has also been demonstrated
to be optimal for the purposes of sta-
tistical analysis (1).

Herd (Bulk Tank) Samples
When interpreting bulk tank SCC it

is important to remember that eleva-
tion ofthe count may result from a few
cows having exceptionally high cell
counts or from a general elevation of
counts in many ofthe cows in the herd.
The effect of one or two cows with
extremely high somatic cell counts is
particularly noticeable in small herds
(55). In addition to this, bulk tank
counts do not provide any information
about which cows are affected. Never
the less, they can serve as a useful indi-
cator to alert dairymen to problems in
the herd and also increase the produc-
er's general awareness of subclinical
mastitis.

Attempts to predict herd quarter
infection rates from bulk tank counts
have met with mixed success due to the
fact that bulk tank counts are a func-
tion of both the quarter infection rate
and the severity of those infections
(51,61,65). Correlations between a
single bulk tank SCC and quarter
infection rates (QIR) have been
reported variously to be r = 0.583 (51),
r = 0.5 (50) and r = 0.5 to 0.6 (65).
However, it has been suggested that
improvement on this can be obtained
by using either a three or six month
rolling average. In one study it was
only possible to correctly classify a
herd as having a low (< 10%),
medium (10-25%), or high (> 25%),
QIR 45.5% of the time if only one bulk
tank sample was used, but it was pos-
sible to increase this to 80% based on
six previous monthly samples (37).
Over a six month period the average
bulk tank counts in low QIR herds
ranged from 112 800 to 480 300
cells/mL while in high QIR herds they
ranged from 609 400 to 729 700
cells/mL with medium QIR herds fall-
ing between the latter two groups.

Correlations between bulk tank

SCC and the average (geometric
mean) of all individual cows or quar-
ters have been reported to be r = 0.83
(for cows) (51) and r = 0.89 (for quar-
ters (48). These results would tend to
indicate that although individual bulk
tank counts may be of limited value in
predicting the prevalence of bacterial
infections in the herd, they do give a
good indication of the general state of
udder health. In general it appears that
bulk tank counts under 250 000
cells/mL indicate a good level ofudder
health and that counts over 500 000
cells/mL indicate a definite herd prob-
lem with subclinical mastitis.

SOMATIC CELL COUNTS,
MILK PRODUCTION AND MILK
C O M P O S I T I O N

Production Losses
Losses in milk production attribu-

table to mastitis were reviewed, (30)
with losses at the quarter level being
found to range from 9% to 43.3% of
potential milk production. Table II
shows the relationship between var-
ious CMT reactions in quarter sam-
ples and percentage milk production
loss as reported by several authors
(15,20,49). (One of these authors (15),
and another cited in this section (32),
reported losses on an absolute scale
(pounds/day or gallons/year). For
comparison purposes these losses have
been converted to percentages based
on an average production of 14 000
lb/cow/year).
At the quarter level, yields have

been reported to start declining at
100000 cells/mL (51), 200000
cells/mL (33), and 500 00 cells/mL
(55). However, the second study (33)
stated that the decline was not signifi-
cant until 500 000 cells/ mL. Another
study (62) reported the relationship
between the SCC and production loss

TABLE II
PERCENTAGE MILK PRODUCTION Loss

ASSOCIATED WITH VARIOUS CMT REACTIONS IN
QUARTER SAMPLES

CMT % Production Loss

T 8.4 9.0 2.8
1 19.0 19.5 11.4
2 33.8 31.8 25.6
3 50.0 43.4 45.5

Reference
Number 15a 20 49

aActual values reported were 0.96, 2.18, 3.88,
and 5.74 lb/quarter/day
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to be quadratic, as opposed to linear,
but reported production loss at the
quarter level to be approximately 7.5%
for each 1 000 000 cells/mL increase in
quarters with cell counts less than
3 000 000 cells/ mL.

Losses at the cow level have been
reported to be 6%, 10%, 16% and
24.5% for CMT reactions respectively
of T, 1, 2 and 3 (23). The senior author
(unpublished data) found an overall
loss in milk production of 12.5% per
increase of 1 000 000 cells/mL in
composite samples. However, the rela-
tionship was not linear with the rate of
loss being greatest in the 200 000 to
1 500 000 cells/mL range. A loss of 1.4
litres/cow/day has been associated
with an increase of 1 000 000 cells/mL
in composite milk samples (comparing
cows within herds) (21). The loss asso-
ciated with a similar increase in SCC
of bulk tank samples (comparing
herds) was approximately twice as
large (2.7 litres/cow/day). The
authors attributed the difference to
other management deficiencies which
accompanied poor mastitis control.
Losses have been reported to be
respectively 42, 74, 169, and 197 gal-
lons / cow/ year for bulk tank cell count
ranges of 250-499 000, 500-749 000,
750-999 000, and greater than 1 000 000
cells/mL (32). (It is estimated that
these would represent production
losses respectively of 3.0%, 5.3%,
12.1%, and 14.1%).

In general, elevated somatic cell
counts are indicative of production
losses due to subclinical mastitis. It
appears that although there is consid-
erable variation in the literature as to
the magnitude of the loss, it may fre-
quently exceed 20% of a cow's poten-
tial production. Further research is
required to elaborate the exact rela-
tionships between SCC and produc-
tion losses at the quarter, cow and herd
level. However, it must be remem-
bered that the reduction in milk pro-
duction is only one of the many losses
associated with mastitis and that losses
due to other factors such as, discarded
milk, drug costs, veterinary fees, extra
labour, increased cow replacement
costs and loss of genetic potential
should also be considered (15).

Milk Composition
It has been demonstrated that sub-

clinical mastitis results in increased

TABLE III
SOMATIC CELL COUNTING PROGRAMS IN CANADA - 1981

BC Alta Sask Man Ont PQ NB NS PEI Nfld

Bulk tank yes yes yes yes yesa yes yes yes yesa no
samples
Individual no yes' yes no yes yes yes yes no no
cow samples

aProgram under development

levels of blood constituents in milk
and decreased levels of the compo-
nents of mammary origin. For exam-
ple high cell count milk has lower fat,
solids-not-fat and lactose levels and
increased levels of sodium, chloride
and free fatty acids than low cell count
milk (19,32,33,54). The total protein
content of milk does not seem to
change significantly, however a
decrease in the level of casein and an
increase in the levels of albumin and
immunoglobulins have been reported
(19,53). These shifts in composition
have important consequences to the
dairy industry. For example, the yield
ofcheese from high cell count milk has
been reported to be lower than it is
from low cell count milk. A loss of0.31
lb of cheese per 100 lb of milk in bulk
tank milk with a cell count of 640 000
cells/mL has been reported (19). In
addition, the higher levels of free fatty
acids in high cell count milk may pro-
duce a "rancid" flavor. As a result of
this, some dairies find it economically
advantageous to pay a premium for
high quality, low cell count milk.

SOMATIC CELL COUNTING
PROGRAMS IN CANADA

To the best of the authors knowledge,
Table III indicates the current availa-
bility and use of somatic cell counting
in Canada. At the time of writing,
there were several programs which
were under development and sched-
uled to be operational in 1981. These
programs have been included in Table
III.

In those provinces in which cell
counting is available on an individual
cow basis it is usually provided
through the provincial D.H.I. (or
D. H.A. S.) organization although the
service is often available to other pro-
ducers (i.e. R.O.P. herds) as well.

ACKNOWLEDGMENTS
The senior author is supported on a
fellowship from the Medical Research
Council of Canada. In addition, the

support of research into the use of
somatic cell counting procedures by
both the Ontario Ministry of Agricul-
ture and Food and the Ontario Milk
Marketing Board is gratefully acknowl-
edged.

REFERENCES
1. ALI, A.K.A. and G.E. SHOOK. An optimum

transformation for somatic cell concentra-
tion in milk. J. Dairy Sci. 63: 487-490. 1980.

2. ARAVE, c.w. and J.L. ALBRIGHT. Social rank
and physiological traits of dairy cows as
influenced by changing group membership.
J. Dairy Sci. 59: 974-981. 1976.

3. BECKLEY, M.S. and T. JOHNSON. Five year

study of a California mastitis test on a
commercial dairy herd. J. Dairy Sci. 49:
746. 1966.

4. BLACKBURN, P.S. The variation in the cell
count of cows milk throughout lactation
and from one lactation to the next. J. Dairy
Res. 33: 193-198. 1966.

5. BLOSSER, T.H. Economic losses from and the
national research program on mastitis in the
United States. J. Dairy Sci. 62: 119-127.
1979.

6. BODOH, G.W., W.J. BATTISTA, L.H. SCHULTZE

and R.P. JOHNSTON. Variation in somatic cell
counts in dairy herd improvement milk
samples. J. Dairy Sci. 59: 1119-1123. 1976

7. BOSSUYT, R., R.J. MOERMANS, G. WAES and M.

NAUDTS. The fluctuations of the cell content
of milk and the optimum sampling fre-
quency for the cell count. Milchwissen-
schaft 31: 4-8. 1976.

8. BRANDER, G.C., R.P. GORD and J.H. WATKINS. A

large scale mastitis control programme in
Somerset. Vet. Rec. 97: 300-304. 1975.

9. CLARKSON, A.R. Milk leucocyte counts and
their significance in mastitis control. N.Z.
vet. J. 23: 284-286. 1975.

10. CONVEY, E.M., L.S. MILLER and H.A. TUCKER.

Acute effects of 9 flouroprednisolone ace-
tate (9 FFA) on blood leukocytes and
somatic cell content of milk. J. Dairy Sci.
54: 360-363. 1971.

11. CULLEN, G.A. Short term variation in the cell
count of cows milk. Vet. Rec. 80: 649-653.
1967.

12. CULLEN, G.A. Cell counts throughout lacta-
tion. Vet. Rec. 83: 125-128. 1968.

13. DANIEL, R.C.W., D.A. BARNUM and J.C. RENNIE.

Variation in modified California mastitis
test scores in dairy cattle. J. Dairy Sci. 49:
1226-1229. 1966.

123



14. DIJKMAN, A.J. Cells in milk. Neth. Milk and
Dairy J. 29: 99-103. 1975.

15. DOBBINS, C.N., Jr. Mastitis losses. J. Am. vet.
med. Ass. 170: 1129-1132. 1977.

16. DOHOO, I.R., A.H. MEEK, S.W. MARTIN and D.A.
BARNUM. Use of total and differential
somatic cell counts from composite milk
samples to detect mastitis in individual
cows. Can. J. comp. Med. 45: 8-14. 1981.

17. DUITSCHAEVER, C.L. and G.C. ASHTON. Varia-
tions of somatic cells and neutrophils in
milk throughout lactation. J. Milk Fd Tech.
35: 197-202. 1972.

18. EBERHART, R.J., H.C. GILMORE, L.J. HUTCHISON

and S.B. SPENCER. Somatic cell counts in
DHI samples. In Proc. Nat. Mast. Coun.
pp. 32-40. 1979.

19. EVERSON, T.C. How the dairy industry can
benefit from a somatic cell program. In
Proc. Nat. Mast. Coun. pp. 153-166. 1980.

20. FORSTER, T.L., U.S. ASHWORTH and L.O.

LUEDECKE. Relationship between California
mastitis test reaction and production and
composition of milk from opposite quar-
ters. J. Dairy Sci. 50: 675-682. 1967.

21. GILL, M.S. and C.W. HOLMES. Somatic cell
counts, mastitis and milk production in
dairy herds. N.Z. J. Dairy Sci. and Tech. 13:
157-161. 1978.

22. GOODHOPE, R.G. and A.H. MEEK. Factors asso-
ciated with mastitis in Ontario dairy herds:
A case control study. Can. J. comp. Med.
44: 351-357. 1980.

23. GRAY, D.M. and o.w. SCHALM. The mastitis
variable in milk yield as estimated by the
California mastitis test. Am. J. vet. Res. 23:
541-543. 1962.

24. GREER, D.O. and J.K.L. PEARSON. Reproduci-
bility of electronic cell counts in milk; a
study of 5 further factors. J. Dairy Res. 43:
371-379. 1976.

25. GUIDRY, A.J., M.J. PAAPE and R.E. PEARSON.

Effects of estrus and exogenous estrogen on
circulating neutrophils and milk somatic
cell concentrations, neutrophil phagocyto-
sis and occurrence of clinical mastitis in
cows. Am. J. vet. Res. 36: 1555-1560. 1975.

26. HAYWARD, P.J. and A.M. WEBSTER. Reduction
in mastitis by use of a teat spray sanitizer.
N.Z. J. Dairy Sci. and Tech. 12: 78-82. 1977.

27. HAYWARD, P.J. and A.N. WEBSTER. A pro-
gramme approach to mastitis control. N.Z.
J. Dairy Sci. and Tech. 12: 267-269. 1977

28. HEALD, C.W., G.M. JONES, S.C. NICKERSON, W.N.

PATTERSON and V.E. VINSON. Preliminary
evaluation of the fossomatic cell counter for
analysis of individual cow samples in a cen-
tral testing laboratory. J. Fd Prot. 40: 5223-
5226. 1977.

29. HEESCHEN, w. Determination of somatic
cells in milk (technical aspects of counting).
In Proc. of Seminar on Mastitis Control
1975. Int. Dairy Fed. Doc. 85. pp. 79-92.
1975.

30. JANZEN, J.J. Economic losses resulting from
mastitis. A review. J. Dairy Sci. 53: 1151-
1161. 1970.

31. KAY. S.J., K.A. COLLINS, J.C. ANDERSON and A.J.

GRANT. The effect of intergroup movement
of dairy cows on bulk milk somatic cell
numbers. J. Dairy Res. 44: 589-593. 1977.

32. KING, J.O.L. Mastitis as a production disease.
Vet. Rec. 91: 325-330. 1972.

33. KING, J.O.L. Cell counts and composition of
bovine milk. Vet. Rec. 103: 397-398. 1978.

34. KLASTRUP, O. Discussion opening in diagno-
sis of mastitis and intramammary infection.
I.D.F. Proc. of Seminar on Mast. Cont. pp.
41-52. 1975.

35. MACLEOD, P., E.O. ANDERSON and W.N. PLAST-

RIDGE. Cell counts of platform samples of
herd milk. J. Dairy Sci. 37: 919-923. 1954.

36. MARSHALL, R.T. and J.E. EDMONDSON. Value
of California mastitis test records to the
practitioner. J. Am. vet. med. Ass. 140: 45-
49. 1962.

37. MEEK, A.H., D.A. BARNUM and F.H.S. NEW-

BOULD. Use of total and differential somatic
cell counts to differentiate potentially
infected from potentially non-infected quar-
ters and cows and between herds of various
levels of infection. J. Fd Prot. 43: 10-14.
1980.

38. MEIN, G.A., W.I.D. GILMOUR and J. BALLEK.

Mastitis control in Victoria: inter-
relationships between current practices and
farmers knowledge, their bulk milk cell
count and milk yield per cow. Aust. J. Dairy
Technol. 32: 81-85. 1977.

39. MOXLEY, J.E., B.W. KENNEDY, B.R. DOWNEY and
J.S.T. BOWMAN. Survey of Milking Hygiene
Practices and Their Relationships to
Somatic Cell Counts and Milk Production.
J. Dairy Sci. 61: 1637-1644. 1978.

40. NATZKE, R.P., R.W. EVERETT, R.S. GUTHRIE, J.F.

KEOWN, A.M. MEEK, W.G. MERRILL, S.J.

ROBERTS and G.H. SCHMIDT. Mastitis control
program: Effect on milk production. J.
Dairy Sci. 55: 1256-1260. 1972.

41. NATZKE, R.P., R.W. EVERETT and D.S. POSTLE.

Normal milk somatic cell counts. J. Milk Fd
Technol. 35: 261-263. 1972.

42. NELSON, F.E., J.D. SCHUH and G.H. STOTT.

Influence of season on leukocytes in milk. J.
Dairy Sci. 50: 978-979. 1967.

43. NELSON, F.E., H. TRANMAL, J.D. SCHUH, T.N.
WEGNER and G.H. STOTT. Criteria of abnor-
mal milk from individual quarters during a
period of high temperature. J. Dairy Sci. 52:
912-913. 1969.

44. NEWBOULD, F.H.S. Electronic counting of
somatic cells in farm bulk tank milk. J. Fd
Prot. 37: 504-509. 1974.

45. NEWBOULD, F.H.S. Effect of several factors on
total and differential counting of somatic
cells in farm bulk tank milk. J. Fd Prot. 41:
96-99. 1978.

46. PAAPE, M.J., A.J. KRAL, C. DESJARDINS, W.D.

SCHULTZE and R.H. MILLER. Failure of either
corticosteroids or ACTH to increase the
leukocyte concentration in milk. Am. J. vet.
Res. 34: 353-356. 1973.

47. PAAPE, M.J., W.D. SCHULTZE, R.H. MILLER and
.J.W. SMITH. Thermal stress and circulating

erythrocytes, leucocytes and milk somatic
cells. J. Dairy Sci. 56: 84-91. 1973.

48. PEARSON, J.K.L., D.O. GREER and B.K. SPENCE.

The relationship between bulk milk cell
counts and cow and quarter mastitis inci-
dence. Vet. Rec. 88: 488-494. 1971.

49. PHILPOT, W.N. Influence of subclinical masti-
tis on milk production and milk composi-
tion. J. Dairy Sci. 50: 978. 1967.

50. POSTLE, D.S., R.P. NATZKE and R.W. EVERETT.

Relationship between leukocyte counts in
bulk milk and apparent quarter infections in
dairy herds. J. Milk Fd Technol. 34: 517-
520. 1971.

51. REICHMUTH, J. Somatic cell counting -
interpretation of results. In Proc. of Sem. on
Mast. Cont. 1975 IDF Doc. 85. pp. 93-109.
1975.

52. RENNER, E. Investigation ofsome parameters
of milk for the detection of subclinical mas-
titis. IDF Proc. of Seminar on Mast. Cont.
1975. 53-58. 1975.

53. ROUSSEL, J.D., J.D. ORTEGO, J.H. GHOLSON and
J.B. FRYE, JR. Effect of thermal stress on the
incidence of abnormal milk. J. Dairy Sci.
52:912. 1969.

54. SCHALM, O.W., E.J. CARROLL and N.C. JAIN.

Bovine Mastitis. pp. 81-89. Philadelphia:
Lea & Febiger. 1971.

55. SCHULTZ, L.H. Somatic cell counting of milk
in production testing programs as a mastitis
control technique. J. Am. vet. med. Ass.
170: 1244-1246. 1977.

56. SIMENSEN, E. Milk somatic cells in dairy
cows kept on pasture or confined indoors
during the summer. Nord. VetMed. 28: 603-
609. 1976.

57. SMITH, J.w. and W.D. SCHULTZE. Variation in
cell content of milk associated with time of
sample collection. J. Dairy Sci. 50: 1083-
1087. 1967.

58. SWEATSUR, A.w.M. and J.D. PHILLIPS. Effect of
storage on the electronic cell count of milk.
J. Dairy Res. 43: 53-62. 1976.

59. SYRSTAD, O. and 1. RON. Day to day variation
in cell counts in milk. Nord. VetMed. 30:
192-198. 1978.

60. SYRSTAD, O., 1. RON and J. WIGGEN. Factors
affecting cell counts in milk from individual
cows. Nord. VetMed. 31: 114-121. 1979.

61. WANASINGHE, D.D. and A.J. FROST. The pre-
valence of udder infection and mastitis in
herds producing bulk milk with either con-
sistently high or low cell count. Aust. vet. J.
55: 374-380. 1979.

62. WARD, G.E. and L.H. SCHULTZ. Relationship of
somatic cells in quarter milk to type of bac-
teria and production. J. Dairy Sci. 55: 1428-
1431. 1972.

63. WEGNER, T.N. and G.H. STOTT. Effects of
ACTH-induced leucocytosis on abnormal
milk production. J. Dairy Sci. 51: 967. 1968.

64. WEGNER, T.N., J.D. SCHUH, F.E. NELSON and
G.H. STOTT. Effects of stress on blood leuco-
cyte and milk somatic cell counts in dairy
cows. J. Dairy Sci. 59: 949-956. 1976.

65. WESTGARTH, D.R. Interpretation of herd bulk

124



milk cell counts. In Proc. of Sem. on Mast.
Cont. 1975. IDF Doc. 85. pp. 110-115. 1975.

66. WHITTLESTONE, W.G., R. KILGOUR, H.DELAN-

GEN and G. DUIRS. Behavioural stress and the
cell count of bovine milk. J. Milk Fd Tech-
nol. 33: 217-220. 1970.

67. WHITE, F. and E.A.S. RATTRAY. Diurnal varia-
tion in the cell content of cow's milk. J.
comp. Path. 75: 253-261. 1965.

BOOK REVIEW

Advances in Parasitology, Volume 18.
Edited by W.H.R. Lumsden, R.
Muller and J.R. Baker. Published
by Academic Press Inc. (London)
Ltd., London, England. 1980. 364
pages. Price $48.50.

The 18th volume of this prestigious
series comprises of six reviews. Three
reviews are concerned with protozoa,
two with ticks and one with helminths.
The editors indicate that their policy
should be to interpret parasitology in
its widest sense while trying to select
subjects for review of which our
knowledge had advanced significantly
up to the time of publication and this
they do in this volume.
The review on helminths is Part III

on the Seasonal Occurrence of Hel-
minths in Freshwater Fishes by J.C.
Chubb of the University of Liverpool,
England and deals with larval cestoda
and nematoda. Part I dealing with
Monogenea and Part II on Trematoda
previously were published in Advan-
ces of Parasitology Volume 15 and 17
respectively.
The life cycles of many larval ces-

todes and nematodes, some of which
are of economic or of public health
significance, of example, Triaenopho-
rus crassus, Diphyllobothrium den-
driticum, Ligula intestinalis, Dig-
ramma interrupta, Eustrongylides spp
and Diphyllobothrium latum are
briefly summarized followed by the
seasonal infestations related to the
major climatic zones of the world. The
author concludes his review by arrang-
ing and summarizing the considerable
information gleaned from about 300
references under such headings as
incidence and intensity of occurrence,

principal and auxiliary hosts, invasion
of fishes by larvae, growth of larvae in
fishes, microphological differences,
longevity, mortality of heavily infected
fishes, sporadic population changes,
immunity seasonal studies in world
climate zones, a hypothesis for sea-
sonal occurrence and experimental
studies.
The second review in this volume is

a most comprehensive paper on
Rumen Ciliate Protozoa by G.S.
Coleman from the Agricultural
Research Council Institute of Animal
Physiology, Cambridge, England.
This review includes consideration of
the apparent role of protozoa in rumi-
nant growth, metabolism and disease
followed by brief accounts of cultiva-
tion and structure and detailed des-
criptions of physiology and biochem-
istry of individual species. There is a
concluding summation on the role
played by protozoa in normal rumi-
nants. Large animal practitioners
involved with the nutrition and meta-
bolic diseases of ruminants would
surely find this review both informa-
tive and rewarding.
The other two reviews on protozoa

are concerned with two prospects of
trypansomiasis. In the first of these
two reviews, W.C. Gibson, T.F. de C.
Marshall and D.G. Godfrey of the
London School of Hygiene and Tropi-
cal Medicine present a new approach
to the epidemiology and taxonomy of
trypanosomes of the subgenus Trypa-
nozoon by a numerical analysis of
enzyme polymorphism. They discuss
and compare enzyme electrophoresis
with other methods of classification of
trypansomes and attempt to correlate
some of the electrophoretic results

with available epidemiological data.
Anyone working in the fascinating
jungle of trypanosome taxomony will
find this review refreshing and most
worthwhile.
The second of these two reviews on

trypanosomes deals with immunity to
Trypanosoma cruzi by Z. Brewer of
Brazil. This is a fascinating review on
Chagas' disease, which affects millions
of people in Latin American countries,
and apparently for which there are no
cures or methods of prevention. This
review touches on such interesting
aspects of the disease as natural
immunity, effects of immunosuppres-
sors, immunodepression in the course
of the disease, evasion of the immune
response by the parasite, auto-immune
reactions and vaccination.
The final two reviews are on ticks. P.

Willadsen of CSIRO, Indooroopilly,
Queensland, Australia reviews the rel-
atively scanty literature on immunity
to ticks outlining the nature and dif-
ferent types of immunological
responses concluding with a discus-
sion of artificial immunization and the
nature of tick antigens.

K.C. Binnington and D.H. Kemp
also of CSIRO, Indooroopilly, Aus-
tralia present a review of the role of the
tick salivary glands in feeding and dis-
ease transmission. The authors present
a good discussion of salivary gland
function during attachment and feed-
ing with changes in salivary gland
morphology. They conclude with dis-
cussions on toxicosis and disease
transmission particularly with regard
to the function of the salivary gland
and salivary gland secretions in these
phenomena.

H.J. Smith.
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